AMONG 235 PATIENTS1 WHO HAD OCCLUSIVE DISEASE within the carotid arterial system and 93 patients with clinical symptoms and signs of involvement of the vertebral-basilar arterial system, 31 (9.4 percent) had from a single plaque to several dozen bright plaques that were orange, yellow, or copper in color and situated at various bifurcations of some of the retinal arterioles. A total of 35 such patients had carotid endarterectomy. Seven (20 percent) of these 35 surgical patients had such plaques; in five of the seven, the retinal plaques appeared during the operation, whereas they appeared 6 weeks afterward in another, and they remained unchanged postoperatively in the seventh patient. In two instances, the plaques occluded tiny peripheral retinal arterioles, with infarction in portions of the retina.
Only occasionally did they occlude the involved arterioles. The plaques occasionally occluded branches of the central retinal artery in a number of patients who had no signs or symptoms of cardiovascular disease.
It is probable that these bright plaques are embolic crystals of cholesterol arising from ulcerating atherosclerotic lesions situated on the cardiac valves or in the endothelium of the aorta or carotid arteries. Their nature has not been ascertained, as none of the eyes involved have been examined pathologically. Attempts to photograph the plaques by polarized or ultraviolet light to show their possible crystalline nature have not been successful. It is even possible that the plaques may be liquid in nature, for compression of the eye sometimes causes an ameboid bulging of part of the plaque into the neighboring arteriole, and many plaques move from one bifurcation to the next and finally disappear. From the following observations, it appears that some of these plaques are definitely crystals: (1) they often reflect the light brightly in only one direction, and if the ophthalmoscopic light is turned at a different angle or if the eye is compressed, the bright yellow reflection may diminish or disappear; (2) when the segment of artery in which the plaque rests is made to pulsate by compressing the globe, the bright reflection may flash on and off with each pulsation; (3) occlusion of an arteriole by even large plaques is infrequent; (4) pieces may break off from proximal plaques and may lodge successively at smaller, more distal bifurcations and finally may disappear entirely from the retinal circulation.
Some patients (cases 17 and 20) had bright orange plaques at various bifurcations in the superior or inferior temporal arterioles, but the only actual occluding plaque was a creamy-white irregular body situated at a bifurcation and protruding into the occluded arteriole. One may conjecture that such a creamy body is a piece of fibrin, a clump of platelets, or some other solid material, perhaps surrounding the cholesterol crystal. These creamy plaques usually but not always remain in situ, but the orange-yellow plaques may be dislodged by sudden pressure on the globe and may move to more distal bifurcations.
These bright plaques were seen mostly in elderly patients, in whom a degree of atherosclerosis is to be expected. All.the patients who were subjected to angiography or endarterectomy had demonstrable intimal atherosclerosis; all the others in this study had signs and symptoms of occlusive ophthalmic, carotid, or vertebral-basilar arterial disease. Of the 31 patients, 27 (87 percent) were men. The 235 patients Robert W. Ilollenhorst who had occlusive disease of the carotid arterial system included 182 (77 percent) men. Among the 93 patients who had occlusive disease of the vertebral-basilar arterial system, 65 (70 percent) were men.
No plaques were seen in the retinas of 21 other patients who had experienced occlusion of the retinal arterioles, the central retinal artery, or the ophthalmic artery in the group who had evidence of occlusive disease in the carotid arterial system, or in two such patients among those who had occlusive disease in the vertebral-basilar arterial system. There were 65 other patients with amaurosis fugax who similarly were free of these plaques. Such plaques may have been overlooked, for many of the arterial occlusions had occurred months or weeks before the patients came to the Mayo Clinic. However, it is probable that other mechanisms, such as thrombosis, spasm, or hypotension, may have been responsible in the majority of patients in whom plaques were not seen.
The location of the plaques in the total of 29 patients who had involvement of the carotid arterial system is of considerable interest and importance. Among the 16 such patients who had significantly unequal retinal arterial pressures, the plaques were in the eye with the lower pressure in nine patients, on the side with the higher pressure in four patients, and on both sides in three patients. In the 13 patients with equal retinal arterial pressures, the plaques appeared in the eye on the side of the symptomatic carotid artery in 11 instances and on both sides in two. The nine patients who had plaques on the side of higher pressure or on both sides often had a bruit over the carotid artery or had symptoms arising from the carotid arterial system on the side of the retinal plaque. Therefore, one could postulate an atherosclerotic source of the retinal arterial plaques.
REPORT OF REPRESENTATIVE CASES
My colleagues and I have seen many elderly patients who had such bright plaques, both with and without arterial occlusion, but who had no signs or symptoms of occlusive cerebrovascular disease. The following two cases are illustrative. CASE 
17
A 52-year-old laborer with a 3-year history of angina pectoris noted transient loss of the upper field of vision of the right eye at 10 A.M., November 11, 1959 Other plaques were present in the inferior macular arteriole and in the superior macular arteriole. Those previously seen in the inferior temporal arteriole and in a superior peripheral arteriole were gone (Figures 2a  and 2b ).
Between November 20 anid 27, several pieces broke away from the large plaque above the optic disc and lodged successively at inore distal bifurcations (Figures 2c and 2d) unitil they disappeared by November 27. The patient was advised to continue coumadin therapv for 3 veeks. At his dismissal, the retinal arterial diastolic pressure was 50 mm. in each eve.
He returned in January, 1960 A 70-year-old farmer had noted intermittent attacks of amaurosis fugax in the left eye for several months; about one month before he came to the clinic, the recurrent visual defect had become permanent.
Examination disclosed a small plaque in the inferior nasal arteriole of the right eye, but visioIn was normal. The visual field of the left eye showed a dense arcuate defect. Nearly a dozen bright embolic plaques were seeni in various arterioles. One creamy plaque plugged the superior macular arteriole at its departure from the superior temporal arteriole above the optic disc; it had caused infarction of the retina. Several bright orange plaques were lodged in arterioles within the edematous zone. Non-obstructing plaques were seen in the branches of the superior temporal arteriole and in the terminal branches of the inferior macular arteriole ( Figure 4 ).
The only physical findings of note were an aortic systolic murmur and lower retinal arterial pressures on the left side, the ophthalmodynamometric readings being 120/45 on the right and 80/30 on the left. A majority of the patients who had these plaques gave definite evidence of associated atheromatosis in the aortic arch or its branches, as illustrated by the following case. CASE 
18
A 67-year-old retired businessman came to the clinic in December, 1959, because of frequent "faint spells" beginning in September, 1959. He had not had any visual symptoms. His heartbeat was irregular and the fingers of both hands tingled during an attack. During auscultation over the right carotid artery, he experienced a typical attack. His right eye contained a bright orange plaque in the central retinal artery in the optic disc, others at five bifurcations of the superior temporal artery (Figure 5) A 59-year-old businessman came to the clinic in June, 1959, because of several attacks of left hemiparesis during the previous year. Ophthalmoscopic examination gave normal findings. The retinal diastolic pressure was 28 mm. in the right eye and 60 mm. in the left. Bruits were heard over both carotid arteries in the neck. Angiography revealed severe stenosis of the first part of the right internal carotid artery and mild stenosis of the left.
After right carotid endarterectomv, the retinal arterial pressures became equalized on the two sides, and the fundi remained normal. Six weeks later, he sustained sudden infarction of the right cerebrum, with left hemiparesis and left homonymous hemianopsia. A dozen or more bright plaques were seen in various arteriolar bifurcations of the right eye, but they did not occlude any of the vessels. The retinal arterial pressure vas 96/50 in each eye. No plaques wvere present in the left retina.
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Robert W. Hollenhorst Examination nine months later disclosed that all the plaques had disappeared from the retina of the right eve; however, a similar bright nonoccluding placque had appeared in the infer-ior temporal arteriole of the left eve.
COMMENT That the concept of cholesterol embolism in the retina is a tenable one may be inferred from other publications on this subject. Panum,) in 1862, was apparently the first to report embolization of atheromatous material. The embolus he described occluded a coronary artery and caused the death of the patient. Flory- circulation to the eye and brain will find this paper a most valuable contribution to our understanding of phenomena developing in the presence of carotid and vertebralbasilar arterial insufficiency. Specific diagnostic evidence of circulatory embarrassment occurring in 10 percent of individuals having carotid insufficiency, and in 5 percent having vertebral-basilar insufficiency, must be given serious consideration in evaluating patients suspected of having this disease. The lesions described are of diagnostic value and, coupled with ophthalmodynamometric studies, they have proven, according to the author, of particular value in localizing the site of greatest obstruction. Indeed, to some extent the appearance, fragmentation, migration, and disappearance of these plaques may be utilized as a guide in anticoagulant therapy. Here we have another example of the expanding role of the ophthalmologist in the treatment of systemic disease.
The author has differentiated the bright yellow plaque with the heliographic reflection, a graphically descriptive term which the discusser has not previously encountered, from the less reflective, larger, creamy plaque to which he attaches a different interpretation.
First, considering the bright, coppery, highly reflective, and sharplv outlined plaque, it is indeed strange that more attention and inquiry has not been directed to the pathogenesis and significance of these lesions, at times quite conspicuous at the bifurcations of the retinal arterioles. In two instances the discusser has observed these plaques in individuals both of whom shortly thereafter developed optic atrophy in the eye in which the plaque was observed, with hemiplegia on the opposite side. Since the plaques were observed prior to the carotid occlusion, the discusser had considered them to be lesions within the artieriolar wall. Subintimal atheromatous plaques are not theoretically found in smaller arterioles; nevertheless, the appearance of these lesions at bifurcations usually without appreciable obstruction to vascular flow, but with definite focal enlargement in the caliber of the vessel, with increasing density of the vessel wall, and with increase in the outside diameter as sometimes occurs, has seemed to implicate the arteriolar wall rather than the lumen as the source of a reflective lesion developing in situ. The observations of the author and the description of these plaques appearing rapidly in the eyes of five of thirty-five patients having undergone endarterectomy, their dislocation, fragmentation, and migration would indicate that they are more probably embolic in character. One troublesome detail in such an interpretation is an acceptable theory as to why the arteriole is not occluded. Another puzzle involves an explanation as to why the arteriole is bulbous at the site of the lesion and why the plaque sometimes seems to sheathe or saddle the vessel.
While the important point is the determination of the nature of the bright plaque, whether embolic or thrombotic, it is of interest also to speculate upon the composition of these lesions. The author has identified them as cholesterol crystals. He has stated that in some cases the plaques may be liquid in nature, since compression of the globe produces on "ameboid bulging into the neighboring arteriole ...." In ophthalmology the term "cholesterol crystals" is used very uncritically. Almost any highly reflective substance interposed in the path of the ophthalmoscopic beam, such as, for example, the polychrome lustre of a central diabetic retinopathy or the kaleidoscopic reflex which is reflected from certain changes in the lens and cornea, is frequently so designated. Even accepting the concept of liquid crystals, there is little real proof of the constitution of these substances which have the common property of giving back a brilliant yellow reflection. Moreover, the color reflected is in large part due to the wave length of the light by which they are seen. As an instance, emboli of metallic mercury appear yellow in the light of the latest Zeiss camera which has a far higher Kelvin rating than the usual electric ophthalmosope. In one instance the discusser had the opportunity of opening an eyeball having a creamy plaque and a presumable septic embolus to find that in daylight the yellow spot could not be identified as such but only by reference to surrounding vessels. Furthermore, the discusser has examined the fundi of a college athlete who suddenly became febrile and unconscious three days after a fracture of the femur. The retinal arterioles were filled with these bright yellow spots which were undoubtedly fat emboli. A yellow plaque has been observed in the artery of a young girl with rheumatic fever. If embolic, it must originate on a heart valve and presumably contain calcium. Similarly when an embolus occurs in subacute bacterial endocarditis, the endarteriolar obstruction may have all the characteristics of the plaques described in this paper until the overlying edema, associated with the infarct, partially obscures the lesion, producing the soft creamy appearance. However, these are relatively minor areas of disagreement. Of whatever composition, these plaques are most probably embolic. The discusser does not consider the glittering coppery appearance characteristic of cholesterol. Perhaps the plaque may become creamy when total obstruction occurs, this being a quantitative rather than a qualitative differentiation.
Of particular importance is the localizing value of these emboli. When correlated with retinal artery pressures, the plaques were found to appear twice as frequently on the side with the low pressure. When pressures were equal, the plaques appeared more than twice as frequently on the side of symptomatic insufficiency. Ophthalmodynamometry within itself is, in the hands of most of us, far from an exact science. The addition of these additional "indicators" will be a great value in enhancing this diagnostic procedure.
An additional feature of this presentation is the possible therapeutic application. From the material presented, as well as from the discusser's limited experience, when retinal arteriolar plaques are observed, it would seem appropriate to consider immediate anticoagulant therapy, particularly where there is additional evidence of circulatory embarrassment in the ophthalmodynamometric examination.
We would like to inquire of the essayist then (1) Does he consider the yellow plaques always embolic in nature, or does he think that they may represent at times thrombotic phenomena related to the subintimal deposits of cholesterol found in larger arteries?
(2) How does the author explain the bulbous enlargement of the vessel at the involved bifurcation? (3) Strictly as a concept in hydrodynamics, would not a particle so small as not to obstruct either branch of a bifurcating canal system select one or the other branch for total obstruction, particularly if ameboid in character? (4) Under what conditions in the presence of the plaques would he consider anticoagulant therapy, how long, and at what percentage would he maintain the prothrombin level? (5) Under what circumstances would he consider lowering the intraocular pressure by retrobulbar injection, massage, carbonic anhydrase inhibitors, or hypertonic solutions?
I have been intensely interested in the diagnostic and therapeutic possibilities indicated in this paper. Dr. Hollenhorst is to be commended in having made a very real contribution to the understanding of vascular disease involving the eye and brain.
DR. LESLIE C. DREWS. W.D.K., a near neighbor of mine, was seen at his home on February 15, 1954 . Right eye vision had suddenly gone out 15 minutes before and had recovered after 12 minutes with a field loss to 20-30 degrees from fixation below, both subjectively and on confrontation, 269 270 Robert W. Hollenhorst
Ophthalmoscopic examination showed a porcelain-like, yellow-white glistening embolus in the superior temporal artery, 4 disc diameters from the disc (#1) astride the first large bifurcation. The artery distal to this was fairly well filled. There was no edema of the retina. Deep massage of the right eye was done four or five times for 2 to 3 minutes each, after which the embolus shifted so that it pointed into the superior branch but still remained essentially in the bifurcation. Two other similar but much smaller emboli were noted in the lower branches of the descending branch of the superior temporal artery, one astride a bifurcation 1 disc diameter temporal to the fovea. Three hours later this embolus could not be found in any of the arteries past this point. The embolus at #1 position nearly plugged the blood vessel. It was quite irregular and rough so that varying depths of blood layers could be seen coursing over it in a most spectacular display.
Two days later, on February 13, visual fields were normal with 2/330 white and 2/330 red. Six gleaming emboli were found, all in the branches of the superior temporal artery of the right eye, but also one was found in an artery one disc diameter to the temporal side of the fovea of the left eye. General examination was advised. On February 17 only two emboli could be found, both in the right eye. On February 19 and 22 there was no change. The patient went to the Mayo Clinic for general examination.
On March 10 the patient returned to my neighborhood. Examination showed a plaque in the #2 position on the diagram astride a bifurcation, plus the remains of the first plaque at the #1 position.
On March 19 Dr. Rucker reported "a small plaque on the superior temporal artery of the right eye, which represents a minimal sclerosis of retinal arterioles."
On March 21 the vision of the right eye suddenly was lost again. After five minutes, when I saw him, the vision of the right eye was 3/100, the left eye 8/8. Ophthalmoscopic examination showed moderate spasm of all the retinal arteries of the right eye, with a fairly large embolus in the retinal artery one disc diameter below the disc in the position of #4 on the diagram.
At this time the patient noted a grey cloud in the upper temporal field O.D., but the visual field seemed normal to confrontation. Deep massage was done for 1 to 2 minutes, with a sudden return of vision to 8/8. Ophthalmoscopic examination 30 minutes later, with the pupil well-dilated under euphthalmine, showed four plaques in the infratemporal artery, all at bifurcations, and six other gleaming, tiny points in this artery but not located at bifurcations, and much smaller than the plaques which were astride the bifurcations. Nicotinic acid 150-250 mgm. b.d. was ordered. The new emboli all gradually absorbed or were lost during the next two weeks, and no more have been observed since then.
On April 9 there was marked blurring of the right eye in the upper field. The inferior branch of the artery on the disc seemed absent for about 3M disc diameters, as indicated on the diagram, After a half hour the vessel opened 271 up and the blurring stopped. However, on the following day a severe attack with a complete loss of the upper field occurred, with essentially the same finding except that perhaps a little more of the vessel seemed to be constricted. As the patient was being watched the vessel opened up and vision returned. There It has been my experience that most of these yellow plaques are adventitial in origin. I had much the same idea as Dr. Anderson and have seldom seen such a plaque actually obstruct an arteriole. Embolic plaques, in my experience, are fuzzy white rather than yellowish-white. I do not think that what one sees is actually the embolus, but rather the area of reaction about it. As Dr. Anderson pointed out, the white fuzzy lesion extends well beyond the actual vessel wall and therefore would have to represent more than the embolus itself.
The yellowish bright plaques at bifurcations under discussion today often show a clear zone between the end of the plaque and the border of the blood column, thus indicating an adventitial position. This is best seen with the slit lamp and contact lens. When the plaque is sufficiently dense and encompasses or lies directly on top of the artery, it does appear to block the artery, but field examination will usually reveal that the artery is patent. Those plaques lying a little offside will commonly leave a thin trace of visible red blood cell column passing by the side. DR. FREDERICK H. VERAHOEFF. I really don't know a thing about this subject, but I can't resist the temptation to discuss it from a theoretical standpoint.
The Dr . Wise, and Dr. Verhoeff for their comments. In answer to Dr. Wise's statement that these plaques probably are in the adventitia, I cannot believe this concept is tenable, in view of the pictures you have seen. I have actually seen these little plaques move along in the vessel from one bifurcation to the next. I doubt that a lesion in the adventitia could do that. I am convinced that most, if not all, of the plaques are of embolic origini.
I think Dr. Wise has answered Dr. Anderson's question as to why these plaques seem larger than the vessel. Actually, they are larger than the blood column but not wider than the arteriole. The arteriole itself is probably considerably wider than the blood column that we see with the ophthalmoscope; these plaques may actually extend into an invisible part of the arteriole, that is, the part of the arteriole that is filled with the thin peripheral stream of blood rather than the thick central portion visible to the ophthalmoscope.
On at least one occasion I have seen the phenomenon Dr. Drews described, that is, a thin column of blood going around one of these lesions; in fact, the blood that went around the plaque seemed to be outside the vessel wall. Obviously the moving blood must have been in the part of the lumen of the vessel which was not visible to the ophthalmoscope.
